The agricultural pastoral ecotone (APE) in Northwest China is an ecological transition zone in the arid area with a very fragile ecosystem. In recent years, the ecosystem has deteriorated sharply, and increasing desertification has made the regional ecosystem more vulnerable and sensitive. In this study, we analyzed (using classical statistical methods) spatial and temporal variations in soil water content (SWC) from 14 September 2016 to 22 April 2019 for high and low vegetation in two grassland sites in Yanchi County, Ningxia. The results showed that the largest average seasonal SWC occurred in autumn. The SWC of the first three layers (0 ÷ 15 cm) of the soil profile responded strongly to precipitation, whereas the SWC in deeper soil (30 ÷ 50 cm) could only be recharged markedly after continuous precipitation. Additionally, the growing process of plants proved to be a cause of variability in soil moisture profiles. Vegetation degradation sped up the course of desertification and decreased soil organic carbon content. These changes left the soil increasingly desiccated and enhanced soil variability. Meanwhile, vegetation degradation also prompted changes in soil temperature and shortened the soil's frozen time in winter. With the acceleration of global warming, if the process of vegetation degeneration continues and soil temperatures keep rising, the ecosystem is likely to undergo irreversible degradation.
Introduction
The soil water content (SWC) is usually defined as water stored in unsaturated soil layers [1, 2] . It plays an important role in the global water cycle by controlling the distribution of evaporation and infiltration [3] . It is also a critical link between the atmosphere and the biosphere; it influences the interaction of the hydrological processes in the earth system over both space and time [4, 5] . The SWC is affected by natural and human factors with a certain variability in space and time. The spatiotemporal variation in SWC refers to the obvious difference and diversity of soil moisture characteristics in different regions, at different times, locations, and soil layers [6, 7] . Traditionally, SWC can be measured by in-situ observations, remote sensing, and laboratory measurements [3, 8] . In recent years, the method of satellites [9, 10] , proximal neutron [11] , and gamma radiation stations [12] have been greatly improved, which promoted the development of soil moisture estimation. SWC is not only subject to spatiotemporal variations related to the diversity of altitude, topography, climate, and human disturbance [13, 14] but also affected by variables such as soil properties, precipitation, and the coverage of vegetation [15, 16] . It is widely recognized that the atmospheric-soil-vegetation system is balanced in natural evolutionary processes [17] . The physical process of the water transport system is as follows: After water in the atmosphere falls to the surface in liquid form, some of it penetrates into the soil through the soil pores, and the rest is lost through soil evaporation and evapotranspiration directly from the surface under the effect of the vapor pressure deficit between the surface and the atmosphere. The vegetation interacts closely with hydrometeorological and soil hydrological processes [18, 19] . For example, soil moisture and its distribution in desert environments directly affects the number and size of sandy plants [20, 21] , and also affects the restoration and reconstruction of the degraded ecosystems [22] . Soil desertification always contributes to loss of vegetation coverage and primary productivity, and the lower coverage will exacerbate desertification in turn [23] . Vegetation coverage is a main factor controlling soil erosion and hydrological processes. Generally high vegetation coverage reduces soil erosion and increases surface roughness, and together both prevent or minimize desertification [24] . In the plant-soil system, water supply and water absorption are in dynamic equilibrium, and a stable vegetation cover ensures an increased water holding capacity and SWC, with a beneficial influence on the local microclimate and environmental conditions [25] . Changes in vegetation coverage shift the hydrologic balance and processes of the ecosystem with potential detrimental repercussions at either local or regional scales on the carbon (C) biogeochemical cycle [26, 27] .
In this paper, we studied two spatially distant sites with high and low grassland coverage to better understand the effects of temporal succession of vegetation degradation in a typical agricultural pastoral ecotone (APE) in Yanchi County, Ningxia. This area is an ecological transitional region characterized by fragility caused by combined effects of changes in land use, climate change, population pressure, economic development and national policies. All these factors have led to landscape fragmentation, desertification expansion, and ecosystem damage [28] . Through the continuous observation of SWC and soil temperature in different areas of grassland-combined with the simultaneous measurement of meteorological and soil variables (i.e., precipitation, temperature, soil particle contents, and organic carbon contents)-the SWC and its spatiotemporal variability were analyzed to understand the pattern and mechanism of the temporal and spatial changes in SWC and to identify the response between precipitation and SWC in the study area. This study provided not only basic data and technical support for further study of the hydrological cycle in the northwest agricultural and pastoral transitional zone but also a theoretical basis for vegetation restoration and tools for combating desertification.
Study Area
Yanchi County (106 • 30 -107 • 47 E and 37 • 04 -38 • 10 N) is located in the eastern part of the Ningxia Hui Autonomous Region (NHAR). It is a transitional zone between agricultural and pastoral areas and covers a total area of about 7130 km 2 ( Figure 1 ) [29] . The south is adjacent to the Loess Plateau and the north borders on the Maowusu Desert. This area has a temperate desert climate with a mean annual air temperature of 8.7 • C, a mean annual wind speed of 2.8 m/s [30] , a mean annual precipitation of 280 mm, and a mean annual potential evaporation of 2100 mm [29] . About 60% of the precipitation occurs during the main vegetation growing season of July to September. Vegetation mainly consists of corn and grassland plants such as Artemisia ordosica, Pennisetum flaccidum, Glycyrrhiza uralensis, and Sophora alopecuroides [31] . The main soil type is ash-calcite followed by black loess and sandy soil, with loose structure and low fertility [30] , making the natural resources of the region diverse and fragile [32] . Figure 1 . Location of the observational site. The red polygon represents the boundary of the agricultural pastoral ecotone of Northwest China; the green point represents the experimental site; and the blue line represents the river in the study area.
Data and Methods
Two typical grassland sites were selected in the study area. The canopy Leaf Area Index (LAI) of the two grasslands was measured by the canopy analyzer (LAI-2000, Li-Cor) in July 2017 [33] . LAI refers to the total area of plant leaves surface per unit earth's surface area, and the larger the LAI, the greater the degree of leaf overlap [34] . Li-Cor's LAI-2000 instrument uses a "fish-eye" optical sensor to measure the transmitted light from five angles above and below canopy and uses the radiation transfer model of vegetation canopy to calculate LAI [35] . We took the mean of the two measured results at each point as the vegetation coverage. The LAI of the high coverage grassland was 0. A soil profile was manually excavated for each of the two grasslands in July 2017. The two grassland sites were independently analyzed for soil properties for the high and low coverage grassland sites, separately. The soil profiles were divided into five layers (0 ÷ 5 cm, 5 ÷ 10 cm, 10 ÷ 15 cm, 15 ÷ 30 cm, and 30 ÷ 50 cm) and the soil samples were collected from three different random 
Two typical grassland sites were selected in the study area. The canopy Leaf Area Index (LAI) of the two grasslands was measured by the canopy analyzer (LAI-2000, Li-Cor) in July 2017 [33] . LAI refers to the total area of plant leave surface per unit earth's surface area, and the larger the LAI, the greater the degree of leaf overlap [34] . Li-Cor's LAI-2000 instrument uses a "fish-eye" optical sensor to measure the transmitted light from five angles above and below canopy and uses the radiation transfer model of vegetation canopy to calculate LAI [35] . We took the mean of the two measured results at each point as the vegetation coverage. The LAI of the high coverage grassland was 0.55 ± 0.1 [m 2 /m 2 ], and that of the low coverage grassland was 0.34
A soil profile was manually excavated for each of the two grasslands in July 2017. The two grassland sites were independently analyzed for soil properties for the high and low coverage grassland sites, separately. The soil profiles were divided into five layers (0 ÷ 5 cm, 5 ÷ 10 cm, 10 ÷ 15 cm, 15 ÷ 30 cm, and 30 ÷ 50 cm) and the soil samples were collected from three different random directions (0.1 kg of soil in each direction) at depths of 2.5, 7.5, 12.5, 22.5, and 40 cm, respectively, in the two soil profiles. Then, the soil samples from the same soil layer of the same profile were uniformly mixed and placed into sealed bags. There were five samples for the high coverage grassland and five samples for the low coverage grassland, both of which correspond to the five depths in the soil profiles. Finally, we brought the mixed sample back to the laboratory to analyze its physical and chemical properties.
A soil moisture monitoring system was installed in each site. The SWC data were collected by the soil moisture monitoring system ECH2O developed by Decagon Corporation [36] . The sensor used 5TE probes, and the data collector was EM50. The 5TE sensor measures the volumetric water content, the temperature of the soil, and electrical conductivity continuously. The 5TE sensor is a capacitance sensor that determines the dielectric permittivity of the medium and using empirical equations to estimate volumetric water content from dielectric permittivity. This sensor minimizes the influence of salinity and texture and is regarded as an accurate sensor in a wide range of soil media [37] . The error of the data was estimated to be within ± 3% [38] , and this sensor has been used in many studies [3, 37, 39] . The 5TE probes were inserted horizontally in the soil profiles at depths of 2.5 cm, 7.5 cm, 12.5 cm, 22.5 cm, and 40 cm to measure the SWC and soil temperature at each sampling site.
To ensure the quality of the data, the negative values of SWC caused by damaged probes and values less than 2% were removed from data processing. The monitoring period of the in-situ observational system was from 14 September 2016 to 22 April 2019, and data were recorded over 30-minute intervals.
An automatic meteorological station (HoBo U30, hobo) [40] was set up near the two SWC observational systems to make a careful observation of the atmospheric temperature and precipitation. The measurement period was from 14 September 2016 to 22 April 2019, and the measurement frequency was every 10 min.
The particle size of the soil was analyzed by the Mastersizer 2000 particle size analyzer (Malvern Inc, Malvern, England.) [41] . According to the United States Department of Agriculture soil texture classification criteria [42] , the soil was divided into clay (particle size < 2 µm), silt (particle size 2 µm-50 µm), and sand (particle size 50 µm-2000 µm). Soil organic carbon was determined by the carbon analyzer, HT 1300 (Analytik, Jena, Germany) [43] .
We calculated the mean values, the standard deviation (SD), coefficient of variation (CV) (i.e. the ratio of standard deviation to mean value), the range, and median to highlight variations that occurred in the SWC at different depths. We also analyzed the dynamic relationship between the SWC and precipitation by the time series. The variation in SWC of the vertical profile was mainly defined by CV. Data analysis and mapping were performed by using Excel 2013 (Microsoft, Redmond, USA), SPSS 22.0 (IBM, New York, USA), and OriginPro 2017 (OriginLab, Northampton, USA).
Results and Discussion

Soil Physical and Chemical Properties
With the decrease of vegetation, the particle size of each soil layer showed a similar change process, that is, the content of clay and silt of low coverage was lower than that of high coverage, and sand content was higher in low coverage grassland ( Figure 2 ). The contents of clay decreased by 71~77% in the first three soil layers (0 ÷ 15 cm), 34% at the fourth layer (15 ÷ 30 cm), and 66% at the fifth layer (30 ÷ 50 cm). The contents of silt decreased by 61~81%, 56%, and 60% at the depths of 0 ÷ 15 cm, 15 ÷ 30 cm, and 30 ÷ 50 cm, respectively. Overall, the contents of clay and silt were significantly depleted in the surface (0 ÷ 15 cm) and deep (30 ÷ 50 cm) layers.
The sand content increased from 79~85% to 94~96% at 0÷15 cm depth, 87% to 94% at the depth of 15 ÷ 30 cm, and 91% to 96% at the depth of 30 ÷ 50 cm. The increased range of sand contents in 0 ÷ 15 cm was larger than those of other depths. It can be seen that when the vegetation was degraded, there was a clear desertification process in the surface soil (0 ÷ 15 cm); the vegetation had an obvious influence on the soil's physical properties. The soil organic carbon content also exhibited significant changes, decreasing from 0.12~0.18% to 0.06~0.17% across the profiles. The results are consistent with a prior study made by Wang et al., which concluded that vegetation degradation leads to significant degradation of soil physical and chemical properties [44] . Under the different vegetation coverage conditions, sand content within the 30 ÷ 50 cm layer was the highest; clay, silt, and organic carbon contents in this layer were the lowest. As plant roots were mainly distributed at the depth ranging from 0 to 30 cm in the study area, the deep soil of 30 ÷ 50 cm was less affected by vegetation. Thus, it can be seen that the growing process of vegetation was one of the important factors affecting the soil texture and properties. A high rate of vegetation coverage ensures an enrichment in organic matter, which in turn enhances water-retention ability by changing the soil structure and strengthening the adsorption of nutrients into the soil [45] , and more water is available in soil for vegetation utilization. In areas with low vegetation coverage the soil does not supply enough water to the plant roots, and the vegetation degradation was further aggravated due to a shortage of nutrients and water. [44] . Under the different vegetation coverage conditions, sand content within the 30 ÷ 50 cm layer was the highest; clay, silt, and organic carbon contents in this layer were the lowest. As plant roots were mainly distributed at the depth ranging from 0 to 30 cm in the study area, the deep soil of 30 ÷ 50 cm was less affected by vegetation. Thus, it can be seen that the growing process of vegetation was one of the important factors affecting the soil texture and properties. A high ratio of vegetation coverage is usually characterized by a high content of clay and organic matter. Organic matter enhances water-retention ability by changing the soil structure and strengthening the adsorption of nutrients into the soil [45] , and more water is left in the soil for vegetation utilization. In areas with low coverage of vegetation, as the soil cannot supply enough water to the roots of the vegetation, the vegetation degradation was further aggravated due to a lack of nutrients and water. 
Soil Temperature Profiles
Soil temperature plays a crucial role in the soil moisture cycle and thermal balance. Under the different vegetation coverage conditions in the study area, we analyzed the time series of continuous soil temperatures at different depths ( Figure 3) . The results showed that the fluctuations in soil temperature and air temperature were fundamentally the same. In spring and summer, the surface soil temperature was high, and the deep soil temperature was low. In autumn and winter, the surface soil temperature was low, and the deep soil temperature was high. As the vegetation coverage decreased, the soil temperature of the entire soil profile increased by approximately 8.5 °C. The average annual soil temperature in 0 ÷ 50 cm with high coverage was 10.8 °C, whereas that with low coverage was 19.3 °C. The maximum and minimum daily values of the soil temperature appeared in the 0 ÷ 5 cm soil layer, with a maximum of 35.0 °C in the high coverage grassland and 41.2 °C in the low coverage, and a minimum of −12.3 °C and −9.9 °C in high and low coverage, respectively. 
Soil temperature plays a crucial role in the soil moisture cycle and thermal balance. Under the different vegetation coverage conditions in the study area, we analyzed the time series of continuous soil temperatures at different depths (Figure 3) . The results showed that the fluctuations in soil temperature and air temperature were fundamentally the same. In spring and summer, the surface soil temperature was high, and the deep soil temperature was low. In autumn and winter, the surface soil temperature was low, and the deep soil temperature was high. As the vegetation coverage decreased, the soil temperature of the entire soil profile increased by approximately 8. Soil temperature was aggregated into daily value over the course of this period. When the soil temperature was continuously less than 0 °C, it was recorded as the frozen date of the soil; when the daily soil temperature was continually higher than 0 °C, it was recorded as the thawed date of the soil [46, 47] (Table 1) . During 2016/17, 2017/18, and 2018/19, the average of frozen days for the entire soil profile of the high coverage grasslands was 55 days, 83 days, and 78 days, respectively, and 44 days, 69 days, and 73 days for the low coverage, respectively. Generally, the frozen time of all soil profiles in each layer was shortened in the low-coverage grassland compared to that with high coverage. Overall, multi-year average frozen time was shortened by 10 days in low-coverage areas. It indicates that soil temperature responds more strongly to climate warming after vegetation degradation. When the protection of vegetation is lost, the degradation of frozen soil will be aggravated. Soil temperature was aggregated into daily value over the course of this period. When the soil temperature was continuously less than 0 • C, it was recorded as the frozen date of the soil; when the daily soil temperature was continually higher than 0 • C, it was recorded as the thawed date of the soil [46, 47] (Table 1) . During 2016/17, 2017/18, and 2018/19, the average of frozen days for the entire soil profile of the high coverage grasslands was 55 days, 83 days, and 78 days, respectively, and 44 days, 69 days, and 73 days for the low coverage, respectively. Generally, the frozen time of all soil profiles in each layer was shortened in the low-coverage grassland compared to that with high coverage. Overall, multi-year average frozen time was shortened by 10 days in low-coverage areas. It indicates that soil temperature responds more strongly to climate warming after vegetation degradation. When the protection of vegetation is lost, the degradation of frozen soil will be aggravated.
In 2017 and 2018, the average increased rate of the soil temperature in soil profiles with high coverage was 0.1958 • C/day and 0.1848 • C/day, respectively; the average decreased values were −0.1887 • C/day and −0.2165 • C/day, respectively. Meanwhile, the average increased rate of the soil temperature with low coverage was 0.2003 • C/day and 0.1962 • C/day; the average decreased values were −0.1913 • C/day and −0.2169 • C/day, respectively. As expected, the increased and decreased rates of the soil temperature with low coverage were both greater than those with high coverage. We inferred that soil temperature's response to climate change in low coverage was more dramatic and rapid than in high coverage. Vegetation plays a role in slowing down the conversion of heat energy and had a significant effect on the soil temperature. Vegetation absorbs the moisture stored in the soil through the roots, thus reducing soil evaporation and water loss [48] . Degraded vegetation will weaken the cooling effect of plant transpiration on soil temperature, and accelerate the dispersion of water, which will eventually lead to a decrease in SWC. This finding is similar to the study of the influence of vegetation change on soil moisture cycle in an alpine meadow by Wang et al. [49] . Therefore, under vegetation degradation surface soils will be more sensitive to climate change after losing the regulating and protective benefits of vegetation. As a result, soil water-retention capacity, transmission, and migration will be significantly and negatively impacted in degraded soils; ecological environments are rendered increasingly sensitive and fragile.
Soil Water Content Profiles
Statistical analysis was performed on the in-situ observation of SWC for different depths in each different level of coverage during 14 September 2016 to 22 April 2019 ( Table 2 ). The SWC data in each layer were tested by the Kolmogorov-Smirnov (KS) method, and all of them satisfied the normal distribution. The mean value and median value of the SWC in each soil layer were close to each other. This indicated that the central trend distribution of SWC was not influenced or determined by outlier values and the series of SWC data were reasonable [50] . In general, when the vegetation coverage decreased, the SWC in the same layer was also obviously reduced. The SWC in the 0 ÷ 5 cm and 30 ÷ 50 cm layer was reduced significantly-by more than 39%. SWC losses in other layers ranged from 15% to 25%. The ranges of the CV for high coverage and low coverage were 28~52% and 40~62%, respectively; the CV of the SWC in each layer of low coverage was higher than that in high coverage. It showed that the vegetation degradation exerted a strong influence on the changes in soil moisture, which will reduce the SWC and enhance the degree of variation. The high sand content of low coverage in the deeper soil layer contributed to the poor SWC holding capacity, resulting in a larger variability in the deep SWC.
Observational data indicated that vegetation degradation in the arid regions of Northwest China had a strong influence on the soil's hydrological processes and that plant growth was one of the causes of variability in soil moisture profiles. With the gradual degradation of vegetation, variability in SWC has increased across the soil profiles.
On the seasonal scale, CV at different depths in the summer period was larger than in other seasons (Table 3) . Grasslands showed the highest SWC in autumn due to the recharge from precipitation and lower evapotranspiration. The average SWC of the high coverage grassland was 7.4~9. 4 In spring and autumn, the SWC fluctuations of the first three layers (0 ÷ 15 cm) were similar due to the effect of precipitation, and SWC increased with soil depth (Figure 4) . Although the SWC of the first three layers was supplemented by precipitation in summer, their SWC was basically static with no obvious increasing or decreasing trend. It was generally absorbed and transpired by the roots and leaves of the vegetation. In the high coverage grassland, the minimum SWC in each season appeared in the 15 ÷ 30 cm soil layer. Combined with the analysis of soil particle size (Figure 2 ), the sand content of this layer increased by about 10% compared to the upper layer (10 ÷ 15 cm). The contents of clay and silt were reduced by 52% and 34%, respectively. This meant that the infiltration capacity of the 15 ÷ 30 cm soil layer was better than that of the upper layer, and the water holding capacity was worse. The water percolating from the 10 ÷ 15 cm soil layer was quickly lost, and it was difficult to store at the depth of 15 ÷ 30 cm. In spring and autumn, the SWC fluctuations of the first three layers (0 ÷ 15 cm) were similar due to the effect of precipitation, and SWC increased with soil depth (Figure 4) . Although the SWC of the first three layers was supplemented by precipitation in summer, their SWC was basically static with no obvious increasing or decreasing trend. It was generally absorbed and transpired by the roots and leaves of the vegetation. In the high coverage grassland, the minimum SWC in each season appeared in the 15 ÷ 30 cm soil layer. Combined with the analysis of soil particle size (Figure 2 ), the sand content of this layer increased by about 10% compared to the upper layer (10 ÷ 15 cm). The contents of clay and silt were reduced by 52% and 34%, respectively. This meant that the infiltration capacity of the 15 ÷ 30 cm soil layer was better than that of the upper layer, and the water holding capacity was worse. The water percolating from the 10 ÷ 15 cm soil layer was quickly lost, and it was difficult to store at the depth of 15 ÷ 30 cm. In a study of soil hydrology under different land covers, Tian et al. found that a low coverage grassland led to coarse soil particle size, larger soil porosity, faster infiltration [51] , and easier evapotranspiration through the surface layer. Therefore, the soil moisture leakage and evapotranspiration rate were increased and SWC was decreased compared to areas with high coverage in the first three layers of 0÷15 cm. Plant roots in the low coverage grassland distributed sparsely. Therefore, they did not show a strong capacity for root water uptake in summer in the first three layers of soil.
Soil Water Content Response to Precipitation
Atmospheric precipitation is the main source of water supply to soils in the arid regions of Northwest China. The magnitude and process of precipitation have a strong impact on the SWC [3] . SWC response to precipitation in the arid areas was analyzed by comparing the time series of the SWC and the precipitation under different vegetation conditions in the study area of the typical APE during 2017 and 2018 ( Figure 5) .
Precipitation was relatively low from May to July in 2017. SWC changes in the first three layers (0 ÷ 15 cm) were basically the same, showing a clear correlation with precipitation. After each precipitation, the direct exchange of water between the 0 ÷ 15cm soil layer and the atmosphere occurred. However, SWC was rapidly reduced in the forms of evapotranspiration and infiltration. The reaction of the SWC in the fourth layer (15 ÷ 30 cm) was slightly delayed with a certain hysteresis. The SWC in the fifth layer (30 ÷ 50 cm) was not significantly affected by precipitation during this period, although the precipitation on June 1 was significant (33.4 mm). Precipitation did not play a recharging role for the 30 ÷ 50 cm layer and rainwater was transported by evapotranspiration though the upper soil and the plant root networks. Thus, precipitation could not be accumulated in the deep layer (30 ÷ 50 cm) during this period.
The precipitation that took place from mid-July to the end of September in 2017 was frequent and heavy. The interaction between rains and SWC in the first three layers (0 ÷ 15 cm) was rapid. Although root water uptake and the process of evapotranspiration continued naturally, most of the SWC was retained in the soil due to the intensive supply of precipitation, and it was kept in the deep soil (30 ÷ 50 cm). As a result, low levels of precipitation could not directly recharge the SWC below 30 cm ( Figure 5 ). Only the continuous precipitation that occurred at the end of growing season influenced the deeper SWC. The responsive pattern of the SWC to precipitation in 2018 was similar to that in 2017.
In a study of soil organic matter and water hold capacity in the Tibetan Plateau, Sun et al. found that lower surface soil organic matter content always corresponded with sandy soil and poor water retention [45] . Under the same precipitation conditions, the SWC in the low coverage grassland was rapidly lost in the forms of evapotranspiration due to lower water cycle regulation and interception by plant roots and leaves. Once the ecosystem was degraded and the vegetation coverage was reduced, the energy processes and water cycles between the soil and the atmosphere were altered. Under natural conditions, the self-healing capacity of the ecosystem is fairly limited, and desertification generally occurs in these soils. Compared to the high coverage grassland, the low coverage grassland was more susceptible to changes in soil temperature ( Figure 3 ) and precipitation ( Figure 5 ), which exacerbated the instability and difficulty in restoring grassland ecosystems in the APE arid region of Northwest China. 
Conclusions
Based on the in-situ observations of soil profiles at depths of 0 ÷ 5 cm, 5 ÷ 10 cm, 10 ÷ 15 cm, 15 ÷ 30 cm, and 30 ÷ 50 cm established in Yanchi area of the APE in Northwest China, this study analyzed SWC, soil temperature dynamics, soil particle size content, and organic carbon content in different levels of vegetation coverage. The main conclusions are as follows.
Firstly, degradation of vegetation accelerated the rate of soil desertification. The soil particle size of each layer showed that the sand contents were higher, and the contents of clay and silt particles were lower in the low coverage compared to the high coverage grassland. Meanwhile, the degradation also shortened the multi-year average frozen time by 10 days and increased average annual soil temperature by 8.5 • C during the three-year period in the study. The rates of the soil temperature change with the low coverage grassland were greater than those with high coverage. In addition, the SWC at different depths showed strong spatial and temporal variability. When the vegetation coverage was reduced, the SWC in the same layer declined, especially at depths of 0 ÷ 5 cm and 30 ÷ 50 cm, decreasing by more than 39%. Due to precipitation in summer, the CV of the SWC at different depths was greater than that of other seasons, which also indicated that the existence of plant roots and vegetation growth condition was one of the causes of the variation in the soil moisture profiles. The SWC reaches its maximum in autumn, and only with the abundant precipitation that occurred in the late growing season, the deeper (30 ÷ 50 cm) SWC would be recharged.
Following increasing trends of global warming and climate change, if the vegetation degraded in the arid areas of central Ningxia, then the soil temperature would continue to rise, moisture loss would accelerate, and the SWC would obviously decrease. Unless preventative actions are taken, all of these factors will lead to an irreversible degradation of a fragile ecosystem. 
